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METHOD FOR MAINTAINING
PERFORMANCE OF AN APPLICATION AND
ELECTRONIC DEVICE THEREOFK

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based on and claims priority under 335

U.S.C. § 119 to Korean Patent Application No. 10-2019-
0008745, filed on Jan. 23, 2019, in the Korean Intellectual
Property Oflice, the disclosure of which 1s incorporated by
reference herein 1n its entirety.

BACKGROUND

Field

The disclosure relates to a method for controlling a
display 1n an electronic device and an electronic device
thereof.

Description of Related Art

With the rapid development of hardware and/or software,
a usage environment of a portable electronic device (for
example, a smartphone or a tablet personal computer (PC))
1s analogous to that of a PC. Such a portable electronic
device may provide functions desired by a user through
various applications such as a music application, a video
application, or a digital broadcasting application. To achieve
this, the portable electronic device may include a display to
display contents provided by various applications.

Frames (frames per second (FPS)) of an application may
change in real time due to various factors like performance
of a portable electronic device and/or an amount of data
processed 1n the application. When the change of the frames
1s great, a user ol the portable electronic device may
recognize the change of the frames of the application.
Accordingly, user experience of the application may be
degraded. In addition, when the frames are maintained less
than or equal to a predetermined number, the user experience
of the application may be degraded. Accordingly, there 1s a
demand for a method for maintaining frames of an applica-
tion within an appropriate range to prevent user experience
of the application from being degraded.

The above mformation 1s presented as background infor-
mation only to assist with an understanding of the disclo-
sure. No determination has been made, and no assertion 1s
made, as to whether any of the above might be applicable as
prior art with regard to the disclosure.

SUMMARY

Embodiments of the disclosure provide a method for
maintaining frames of an application within an appropriate
range when the application 1s executed, and an electronic
device thereof

An electronic device according to various example
embodiments of the disclosure may include: a display; a
processor operatively connected with the display; and a
memory operatively connected with the processor, and the
memory may be configured to store instructions that, when
executed, cause the processor to execute an application, to
detect performance degradation of the application, and to
adjust a resolution of the application based on a resolution
adjustment cost of the application in response to the perfor-
mance degradation of the application being detected.
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A method for controlling a display 1n an electronic device
according to various example embodiments of the disclosure
may include: executing an application; detecting perfor-
mance degradation of the application; and adjusting a reso-
lution of the application based on a resolution adjustment
cost of the application in response to the performance
degradation of the application being detected.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of
certain embodiments of the present disclosure will be more
apparent from the following detailed description, taken 1n
conjunction with the accompanying drawings, in which:

FIG. 1 1s a block diagram illustrating an example elec-
tronic device 1n a network environment according to various
embodiments;

FIG. 2 1s a block diagram 1illustrating an example elec-
tronic device according to various embodiments;

FIG. 3A 1s a diagram 1illustrating an example of a method
ol adjusting a resolution of an application in an electronic
device according to various embodiments;

FIG. 3B 1s a diagram illustrating an example of the
method of adjusting the resolution of the application in the
clectronic device according to various embodiments;

FIG. 4 1s a diagram illustrating a view hierarchy of an
clectronic device according to various embodiments;

FIG. 5 1s a flowchart illustrating an example method of
controlling a display 1n an electronic device according to
various embodiments;

FIG. 6 1s a graph 1llustrating an example of a change of
frames of an application 1n an electronic device according to
various embodiments;

FIG. 7 1s a flowchart illustrating an example method of
adjusting a resolution of an application 1 an electronic
device according to various embodiments;

FIG. 8 1s a flowchart illustrating an example method of
adjusting a resolution of an application, based on training
data approximating to target frames, in an electronic device
according to various embodiments;

FIG. 9 1s a flowchart 1llustrating another example method
of adjusting a resolution of an application in an electronic
device according to various embodiments;

FIG. 10 1s a graph illustrating another example of a
change of frames of an application 1n an electronic device
according to various embodiments; and

FIG. 11 1s a flowchart illustrating another example
method of adjusting a resolution of an application 1n an
electronic device according to various embodiments.

DETAILED DESCRIPTION

FIG. 1 1s a block diagram 1illustrating an electronic device
101 1n a network environment 100 according to various
embodiments. Referring to FIG. 1, the electronic device 101
in the network environment 100 may communicate with an
clectronic device 102 via a first network 198 (e.g., a short-
range wireless communication network), or an electronic
device 104 or a server 108 via a second network 199 (e.g.,
a long-range wireless communication network). According
to an embodiment, the electronic device 101 may commu-
nicate with the electronic device 104 via the server 108.
According to an embodiment, the electronic device 101 may
include a processor 120, memory 130, an input device 150,
a sound output device 155, a display device 160, an audio
module 170, a sensor module 176, an interface 177, a haptic
module 179, a camera module 180, a power management
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module 188, a battery 189, a communication module 190, a
subscriber i1dentification module (SIM) 196, or an antenna
module 197. In some embodiments, at least one (e.g., the
display device 160 or the camera module 180) of the
components may be omitted from the electronic device 101,
or on¢ or more other components may be added in the
electronic device 101. In some embodiments, some of the
components may be implemented as single integrated cir-
cuitry. For example, the sensor module 176 (e.g., a finger-
print sensor, an 1r1s sensor, or an illuminance sensor) may be
implemented as embedded 1n the display device 160 (e.g., a
display).

The processor 120 may execute, for example, software
(e.g., a program 140) to control at least one other component
(e.g., a hardware or software component) of the electronic
device 101 coupled with the processor 120, and may per-
form various data processing or computation. According to
an example embodiment, as at least part of the data pro-
cessing or computation, the processor 120 may load a
command or data received from another component (e.g.,
the sensor module 176 or the communication module 190)
in volatile memory 132, process the command or the data
stored 1n the volatile memory 132, and store resulting data
in non-volatile memory 134. According to an embodiment,
the processor 120 may include a main processor 121 (e.g.,
a central processing unit (CPU) or an application processor
(AP)), and an auxiliary processor 123 (e.g., a graphics
processing unit (GPU), an image signal processor (ISP), a
sensor hub processor, or a communication processor (CP))
that 1s operable independently from, or in conjunction with,
the main processor 121. Additionally or alternatively, the
auxiliary processor 123 may be adapted to consume less
power than the main processor 121, or to be specific to a
specified function. The auxiliary processor 123 may be
implemented as separate from, or as part ol the main
processor 121.

The auxiliary processor 123 may control at least some of
functions or states related to at least one component (e.g., the
display device 160, the sensor module 176, or the commu-
nication module 190) among the components of the elec-
tronic device 101, instead of the main processor 121 while
the main processor 121 1s 1n an 1nactive (e.g., sleep) state, or
together with the main processor 121 while the main pro-
cessor 121 1s 1n an active state (e.g., executing an applica-
tion). According to an embodiment, the auxiliary processor
123 (e.g., an 1mage signal processor or a communication
processor) may be implemented as part of another compo-
nent (e.g., the camera module 180 or the communication
module 190) functionally related to the auxiliary processor
123.

The memory 130 may store various data used by at least
one component (e.g., the processor 120 or the sensor module
176) of the electronic device 101. The various data may
include, for example, software (e.g., the program 140) and
input data or output data for a command related thereto. The
memory 130 may include the volatile memory 132 or the
non-volatile memory 134.

The program 140 may be stored in the memory 130 as
soltware, and may include, for example, an operating system
(OS) 142, middleware 144, or an application 146.

The mput device 150 may receive a command or data to
be used by other component (e.g., the processor 120) of the
clectronic device 101, from the outside (e.g., a user) of the
clectronic device 101. The input device 150 may include, for
example, a microphone, a mouse, a keyboard, or a digital
pen (e.g., a stylus pen).
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The sound output device 155 may output sound signals to
the outside of the electronic device 101. The sound output
device 155 may include, for example, a speaker or a
receiver. The speaker may be used for general purposes,
such as playing multimedia or playing record, and the
receiver may be used for an incoming calls. According to an
embodiment, the receiver may be implemented as separate
from, or as part of the speaker.

The display device 160 may visually provide information
to the outside (e.g., a user) of the electromic device 101. The
display device 160 may include, for example, a display, a
hologram device, or a projector and control circuitry to
control a corresponding one of the display, hologram device,
and projector. According to an embodiment, the display
device 160 may include touch circuitry adapted to detect a
touch, or sensor circuitry (e.g., a pressure sensor) adapted to
measure the intensity of force incurred by the touch.

The audio module 170 may convert a sound into an
clectrical signal and vice versa. According to an embodi-
ment, the audio module 170 may obtain the sound via the
iput device 150, or output the sound via the sound output
device 155 or a headphone of an external electronic device
(e.g., an electronic device 102) directly (e.g., wiredly) or
wirelessly coupled with the electronic device 101.

The sensor module 176 may detect an operational state
(e.g., power or temperature) of the electronic device 101 or
an environmental state (e.g., a state of a user) external to the
clectronic device 101, and then generate an electrical signal
or data value corresponding to the detected state. According
to an embodiment, the sensor module 176 may include, for
example, a gesture sensor, a gyro sensor, an atmospheric
pressure sensor, a magnetic sensor, an acceleration sensor, a
grip sensor, a proximity sensor, a color sensor, an infrared
(IR) sensor, a biometric sensor, a temperature sensor, a
humidity sensor, or an i1lluminance sensor.

The interface 177 may support one or more specified
protocols to be used for the electronic device 101 to be
coupled with the external electronic device (e.g., the elec-
tronic device 102) directly (e.g., wiredly) or wirelessly.
According to an embodiment, the interface 177 may include,
for example, a high definition multimedia intertace (HDMI),
a unmiversal serial bus (USB) interface, a secure digital (SD)
card interface, or an audio interface.

A connecting terminal 178 may include a connector via
which the electronic device 101 may be physically con-
nected with the external electronic device (e.g., the elec-
tronic device 102). According to an embodiment, the con-
necting terminal 178 may include, for example, a HDMI
connector, a USB connector, a SD card connector, or an
audio connector (e.g., a headphone connector).

The haptic module 179 may convert an electrical signal
into a mechanical stimulus (e.g., a vibration or a movement)
or electrical stimulus which may be recognized by a user via
hi1s tactile sensation or kinesthetic sensation. According to an
embodiment, the haptic module 179 may include, for
example, a motor, a piezoelectric element, or an electric
stimulator.

The camera module 180 may capture a still 1image or
moving images. According to an embodiment, the camera
module 180 may include one or more lenses, 1mage sensors,
image signal processors, or flashes.

The power management module 188 may manage power
supplied to the electronic device 101. According to an
example embodiment, the power management module 188
may be implemented as at least part of, for example, a power
management integrated circuit (PMIC).
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The battery 189 may supply power to at least one com-
ponent of the electronic device 101. According to an
embodiment, the battery 189 may include, for example, a
primary cell which 1s not rechargeable, a secondary cell
which 1s rechargeable, or a fuel cell.

The communication module 190 may support establishing

a direct (e.g., wired) communication channel or a wireless
communication channel between the electronic device 101
and the external electronic device (e.g., the electronic device
102, the electronic device 104, or the server 108) and
performing communication via the established communica-
tion channel. The communication module 190 may include
one or more communication processors that are operable
independently from the processor 120 (e.g., the application
processor (AP)) and supports a direct (e.g., wired) commu-
nication or a wireless communication. According to an
embodiment, the communication module 190 may include a
wireless communication module 192 (e.g., a cellular com-
munication module, a short-range wireless communication
module, or a global navigation satellite system (GNSS)
communication module) or a wired communication module
194 (e.g., a local area network (LAN) communication mod-
ule or a power line communication (PLC) module). A
corresponding one of these communication modules may
communicate with the external electronic device via the first
network 198 (e.g., a short-range communication network,
such as Bluetooth™, wireless-fidelity (Wi-F1) direct, or
infrared data association (IrDA)) or the second network 199
(e.g., a long-range communication network, such as a cel-
lular network, the Internet, or a computer network (e.g.,
L AN or wide area network (WAN)). These various types of
communication modules may be implemented as a single
component (e.g., a single chip), or may be implemented as
multi components (e.g., multi chips) separate from each
other. The wireless communication module 192 may 1den-
tify and authenticate the electronic device 101 1n a commu-
nication network, such as the first network 198 or the second
network 199, using subscriber information (e.g., interna-
tional mobile subscriber 1dentity (IMSI)) stored 1n the sub-
scriber 1dentification module 196.

The antenna module 197 may transmit or receive a signal
or power to or from the outside (e.g., the external electronic
device) of the electronic device 101. According to an
embodiment, the antenna module 197 may include an
antenna including a radiating element composed of a con-
ductive material or a conductive pattern formed 1n or on a
substrate (e.g., PCB). According to an embodiment, the
antenna module 197 may include a plurality of antennas. In
such a case, at least one antenna appropriate for a commu-
nication scheme used 1n the communication network, such
as the first network 198 or the second network 199, may be
selected, for example, by the communication module 190
(c.g., the wireless communication module 192) from the
plurality of antennas. The signal or the power may then be
transmitted or received between the communication module
190 and the external electronic device via the selected at
least one antenna. According to an embodiment, another
component (e.g., a radio frequency integrated circuit
(RFIC)) other than the radiating element may be additionally
formed as part of the antenna module 197.

At least some of the above-described components may be
coupled mutually and communicate signals (e.g., commands
or data) therebetween via an inter-peripheral communication
scheme (e.g., a bus, general purpose mput and output
(GPIO), serial peripheral interface (SPI), or mobile industry
processor mterface (MIPI)).
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According to an embodiment, commands or data may be
transmitted or received between the electronic device 101
and the external electronic device 104 via the server 108
coupled with the second network 199. Each of the electronic
devices 102 and 104 may be a device of a same type as, or
a different type, from the electronic device 101. According
to an embodiment, all or some of operations to be executed
at the electronic device 101 may be executed at one or more
of the external electronic devices 102, 104, or 108. For
example, 1f the electromic device 101 should perform a
function or a service automatically, or 1n response to a
request from a user or another device, the electronic device
101, instead of, or in addition to, executing the function or
the service, may request the one or more external electronic
devices to perform at least part of the function or the service.
The one or more external electronic devices receiving the
request may perform the at least part of the function or the
service requested, or an additional function or an additional
service related to the request, and transier an outcome of the
performing to the electronic device 101. The electronic
device 101 may provide the outcome, with or without further
processing of the outcome, as at least part of a reply to the
request. To that end, a cloud computing, distributed com-
puting, or client-server computing technology may be used,
for example.

FIG. 2 1s a block diagram 1llustrating an example elec-
tronic device according to various embodiments.

Referring to FIG. 2, an electronic device 200 (for
example, the electronic device 101 of FIG. 1) may include
a processor (e.g., mcluding processing circuitry) 210 (for
example, the processor 120 of FIG. 1), a memory 220 (for
example, the memory 130 of FIG. 1), an input/output
interface (e.g., including input/output circuitry) 230, and
communication circuitry 240 (for example, the communi-
cation module 190 of FIG. 1). However, this should not be
considered as limiting. For example, the electronic device
200 may further include a sensor module (for example, the
sensor module 176 of FIG. 1) to obtain information related
to a state (for example, temperature) of the electronic device
200.

According to various embodiments, the processor 210
may include various processing circuitry and drive an oper-
ating system (OS) or an application to control a plurality of
hardware or software elements connected to the processor
210, and may process and compute a variety of data.
According to an embodiment, the processor 210 may be
implemented with a system on chip (SoC). According to an
embodiment, the processor may further include a graphic
processing unit (GPU) and/or an image signal processor
(ISP). The processor 210 may load and process a command
or data, which 1s received from at least one of the other
clements, at the memory 220, and may store various data at
the memory 220.

According to various embodiments, the processor 210
may determine whether performance of an application 1s
degraded by monitoring the electronic device while the
application 1s executed. For example, the processor 210 may
monitor frames (FPS) of the application while the applica-
tion 1s executed, and may determine whether the perfor-
mance ol the electronic device i1s degraded based on a
change of the frames. In another example, the processor 210
may monitor a clock (or temperature) of the processor 210
while the application 1s executed, and may determine
whether the performance of the application 1s degraded,
based on a change of the clock (or temperature).

According to various embodiments, when it 1s detected
that the performance of the application 1s degraded while the
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application 1s executed, the processor 210 may enhance the
performance of the application by adjusting the clock or
adjusting a resolution of the application. For example, when
it 1s detected that the performance of the application 1is
degraded, the processor 210 may compare a clock adjust-
ment cost of the processor 210 and a resolution adjustment
cost of the application, and may adjust the clock of the
processor 210 or may adjust the resolution of the applica-
tion, based on a result of comparing. According to an
embodiment, the processor 210 may adjust the resolution of
the application, based on training data stored in the memory
220 or tramming data received from an external electronic
device (for example, the server 108 of FIG. 1).

According to various embodiments, the processor 210
may generate training data to be used to adjust the resolution
of the application, and may store the training data in the
memory 220. For example, the processor 210 may generate
training data including at least one piece of information of
clock information of the processor, load information of the
processor, resolution iformation of the application, tem-
perature information of the electronic device 200, and frame
information of the application, while the application 1is
executed, and may store the generated training data in the
memory 220. According to an embodiment, the training data
may be generated differently according to each application,
or may be generated regardless of applications. According to
various embodiments, the processor 210 may transmit the
training data on the application to an external electronic
device (for example, the server 108 of FIG. 1) through the
communication circuitry 240. According to various embodi-
ments, the processor 210 may receive the training data on
the application from the external electronic device through
the communication circuitry 240.

According to various embodiments, when the frames of
the application increase by a designated range or higher
while the application 1s executed, the processor 210 may
maintain the frames of the application within the designated
range by adjusting the resolution of the application or the
clock of the processor 210. For example, when the frames of
the application increase by the designated range or higher,
the processor 210 may maintain the frames of the applica-
tion within the designated range by increasing the resolution
of the application or reducing the clock of the processor 210.

FIG. 3A 1s a diagram 1llustrating an example method of
adjusting a resolution of an application 1 an electronic
device according to various embodiments, and FIG. 3B 1s a
diagram 1illustrating an example method of adjusting the
resolution of the application 1n the electronic device accord-
ing to various embodiments.

Referring to FIG. 3A, the application may support a
screen 300 having a maximum resolution of 1920x1080. A
terminal A 310 (for example, the electronic device 101 of
FIG. 1 or the electronic device 200 of FIG. 2), a terminal B
320 (for example, the electronic device 101 of FIG. 1 or the
clectronic device 200 of FIG. 2), and a terminal C 330 (for
example, the electronic device 101 of FIG. 1 or the elec-
tronic device 200 of FIG. 2) may be electronic device having
different specifications.

According to various embodiments, the terminal A 310,
the terminal B 320, and the terminal C 330 may have
different processing capabilities regarding the same appli-
cation because of their different specifications. For example,
when the terminal A 310 provides a screen 311 which results
from adjustment of the resolution of the application to 90%
of the maximum resolution, the terminal A 310 may main-
tain the frames of the application more than or equal to target
frames. When the terminal B 320 provides a screen 321
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which results from adjustment of the resolution of the
application to 75% of the maximum resolution, the terminal
B 320 may maintain the frames of the application more than
or equal to the target frames. When the terminal C 330
provides a screen 331 which results from adjustment of the
resolution of the application to 50% of the maximum
resolution, the terminal C 330 may maintain the frames of
the application more than or equal to the target frames. The
target frames refer to minimum frames that should be
guaranteed for each application, and may be set to a different
value according to each application.

As described above, the electronic devices may have
different optimum resolutions regarding an application
according to the specifications of the electronic devices even
when the same application 1s executed. The electronic
device may generate training data to determine an optimum
resolution of the application, based on mformation of the
clectronic device (for example, clock information of the
processor, load information of the processor, resolution
information of the application, information regarding power
consumption, temperature information, and/or frame infor-
mation of the application), while the application 1s executed,
and may change the resolution of the application based on
the generated traiming data. As described above, the elec-
tronic device may generate the training data on the appli-
cation by itself, and determine and change the optimum
resolution of the application, such that enhanced experience
can be provided to the user.

Retferring to FIG. 3B, a first application may provide a
screen 340 having a maximum resolution of 1920x1080, and
a second application may provide a screen 350 having a
maximum resolution of 1920x1080.

According to various embodiments, a hardware specifi-
cation of the first application required when the first appli-
cation 1s driven or data throughput of the first application
may be lower than that of the second application. Accord-
ingly, when a screen 341 which results from adjustment of
the resolution of the first application to 90% of the maximum
resolution 1s provided, the electronic device (for example,
the electronic device 101 of FIG. 1 or the electronic device
200 of FIG. 2) may maintain frames of the first application
more than or equal to target frames, and, when a screen 351
which results from adjustment of the resolution of the
second application to 75% of the maximum resolution 1s
provided, the electronic device may maintain frames of the
second application more than or equal to target frames.

As described above, the electronic device may have a
different optimum resolution according to a hardware speci-
fication or data throughput required by each application. The
clectronic device may generate traiming data to determine an
optimum resolution of each application, based on 1informa-
tion of the electronic device (for example, clock information
of the processor, load information of the processor, resolu-
tion information of the application, mnformation regarding
power consumption, temperature information, and/or frame
information of the application), while the application 1is
executed, and may change the resolution of the application,
based on the generated training data. As described above, the
clectronic device may generate the training data on the
application by 1tself, and determine and change the optimum
resolution of each application, such that enhanced experi-
ence can be provided to the user.

FIG. 4 1s a diagram illustrating a view hierarchy of an
clectronic device according to various embodiments.

According to various embodiments, the view hierarchy of
the electronic device (for example, the electronic device 101

of FIG. 1 or the electronic device 200 of FIG. 2) may include
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an application domain 410, an application frame work
domain 420, a library domain 430, a kernel domain 440, and
a hardware domain 4350. According to an embodiment, the
application domain 410 may include an application 411.
According to an embodiment, the application frame work
domain 420 may include a view system 421. According to
an embodiment, the library domain 430 may include an
openGL 431 and a surface manager 433. According to an
embodiment, the kernel domain 440 may include a display
driver 441 and a power management module 443. According
to an embodiment, the hardware domain 450 may include a
processor 431 (for example, the processor 120 of FIG. 1 or

the processor 210 of FI1G. 2), and a display 453 (for example,
the display device 160 of FIG. 1 or the display 250 of FIG.
2).

According to various embodiments, when the application
411 of the application domain 410 i1s executed, the view
system 421 of the application frame work domain 420 may
be requested to configure a screen related to the application
411. The view system 421 may obtain data related to the
configuration of the screen from the library domain 430, or
may transmit the data to the library domain 430.

According to various embodiments, the application 411
may request the view system 421 to configure a screen. The
view system 421 may request the openGL 431 and/or the
surface manager 433 regarding the configuration of the
screen according to the request of the application 411.

According to various embodiments, the openGL 431 of
the library domain 430 may perform an operation ol ren-
dering an execution screen of the application 411.

According to various embodiments, the surface manager
433 may imclude a window manager, a SurfaceFlinger,
and/or an activity manager. The surface manager 433 may
generate a window and/or a surface of the application 411
according to the request of the view system 421. The surface
manager 433 may generate 1image nformation by synthe-
s1zing the generated surfaces. According to various embodi-
ments, the window manager may determine a resolution and
may assign a frame bufler according to a virtual resolution,
thereby rendering a content according to corresponding
frames, and may increase a size according to a screen
resolution using a hardware scaler.

According to various embodiments, the surface manager
433 may change the resolution of image information accord-
ing to power information (for example, a current, a voltage,
or power) provided to the power management module 443,
and may transmit the changed resolution information to the
processor 431.

According to various embodiments, the power manage-
ment module 443 may provide information regarding power
consumed 1n the electronic device to the processor 451, such
that the resolution of the application 1s changed based on the
power consumed 1n the electronic device.

According to various embodiments, when 1mage infor-
mation 1s generated 1n the library domain 430, the processor
451 of the hardware domain 450 may generate a screen to be
displayed on the display 453 according to the image infor-
mation, and the display driver 441 of the kernel domain 440
may assign a resource to the display 453 to display the
generated screen on the display 433, and may transmit the
generated screen.

According to various embodiments, at least a part of the
surface manager 433 may be implemented using software,
firmware, hardware, or a combination of two or more
thereol. At least a part of the surface manager 433 may be
implemented by the processor 451. At least a part of the
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surface manager 433 may include programs, routines, sets of
instructions, or processes for performing one or more func-
tions.

An electronic device (for example, the electronic device
101 of FIG. 1 or the electronic device 200 of FIG. 2)
according to various example embodiments may 1nclude: a
display (for example, the display device 160 of FIG. 1 or the
display 250 of FIG. 2); a processor (for example, the
processor 120 of FIG. 1 or the processor 201 of FIG. 2)
operatively connected with the display; and a memory (for
example, the memory 130 of FIG. 1 or the memory 220 of
FIG. 2) operatively connected with the processor, and the
memory may be configured to store instructions that, when
executed, cause the processor to execute an application, to
detect performance degradation of the application, and to
adjust a resolution of the application based on a resolution
adjustment cost of the application in response to the perfor-
mance degradation of the application being detected.

According to various example embodiments, the mstruc-
tions, when executed, may cause the processor to monitor
frames (frames per second (FPS)) of the application while
the application 1s executed, and to detect the performance
degradation of the application based on a change in the
frames of the application.

According to various embodiments, the electronic device
may further include a temperature sensor (for example, the
sensor module 176 of FIG. 1) configured to measure a
temperature of at least a part of the electronic device, and the
instructions, when executed, may cause the processor to
obtain temperature information through the temperature
sensor while the application i1s executed, and to detect the
performance degradation of the application based on the
temperature information.

According to various example embodiments, the mstruc-
tions, when executed, may cause the processor to: identify
training data corresponding to a current clock of the pro-
cessor; determine the resolution adjustment cost of the
application based on the training data corresponding to the
target frames based on training data corresponding to target
frames existing in the 1dentified training data; and adjust the
resolution of the application based on the training data
corresponding to the target frames based on the resolution
adjustment cost of the application being less than or equal to
a first reference value.

According to various example embodiments, the mstruc-
tions, when executed, may cause the processor to: based on
the training data corresponding to the target frames not
existing in the i1dentified training data, determine the reso-
lution adjustment cost of the application based on training
data approximating to the target frames; and, based on the
resolution adjustment cost of the application being less than
or equal to the first reference value, adjust the resolution of
the application based on the training data approximating to
the target frames.

According to various example embodiments, the instruc-
tions, when executed, may cause the processor to: determine
a penalty cost caused by reduction of the resolution based on
a difference between a resolution of the training data and a
current resolution of the application; determine a gain cost
caused by the reduction of the resolution based on a difler-
ence between clock information of the processor of the
training data and the current clock of the processor; and
determine the resolution adjustment cost by adding the
penalty cost and the gain cost.

According to various example embodiments, the mstruc-
tions, when executed, may cause the processor to adjust a
clock of the processor to maintain the frames of the appli-
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cation to be greater than or equal to the target frames based
on the resolution adjustment cost of the application exceed-
ing the first reference value.

According to various example embodiments, the instruc-
tions, when executed, may cause the processor to, based on
it being 1dentified that the frames of the application increase
from previous frames by a designated range or higher while
the application 1s executed, adjust the resolution of the
application to make a difference between the frames of the
application and the previous frames be within the designated
range.

According to various example embodiments, the instruc-
tions, when executed, may cause the processor to: based on
training data corresponding to the previous frames existing,
in the identified training data, determine the resolution
adjustment cost of the application based on the training data
corresponding to the previous frames; and, based on the
resolution adjustment cost of the application exceeding a
second reference value, adjust the resolution of the appli-
cation based on the training data corresponding to the target
frames.

According to various example embodiments, the instruc-
tions, when executed, may cause the processor to, based on
the resolution adjustment cost of the application being less
than or equal to the second reference value, adjust a clock of
the processor to make a diflerence between the frames of the
application and the previous frames be within the designated
range.

FIG. 5 1s a flowchart illustrating an example method of
controlling a display 1 an electronic device according to
vartous embodiments. FIG. 6 1s a graph illustrating an
example change of frames of an application 1n the electronic
device according to various embodiments.

Referring to FIGS. 5 and 6, 1n operation 501, a processor
(for example, the processor 120 of FIG. 1 or the processor
210 of FIG. 2) of the electronic device (for example, the
clectronic device 101 of FIG. 1 or the electronic device 200
of FIG. 2) may execute an application. For example, the
processor may control a display (for example, the display
device 160 of FIG. 1 or the display 250 of FIG. 2) to display
an execution screen of the application based on a user input
for executing the application. The application may include
an application providing an image to a user, such as a game
application or a movie application.

In operation 503, the processor may detect degradation of
performance of the application while the application 1s
executed. According to an embodiment, the processor may
monitor frames (FPS) of the application while the applica-
tion 1s executed, and may detect degradation of performance
of the application based on a change of the frames of the
application. For example, when frames 603 of the applica-
tion are less than target frames, it may be determined that
degradation of performance of the application 1s detected
(601). The target frames may refer, for example, to mini-
mum frames that should be guaranteed for each application
to provide an adequate service, and may be set to a different
value according to each application. According to an
embodiment, the target frames may be information pre-set
for the application. According to an embodiment, the target
frames may be changed to another value based on a user
input. According to an embodiment, the processor may
obtain temperature information of the electronic device
while the application 1s executed, and may detect degrada-
tion of the performance of the application based on the
temperature 1nformation of the electronic device. For
example, when temperature of the electronic device exceeds
reference temperature, the processor may determine that
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degradation of the performance of the application 1is
detected. The reference temperature may be changed based
on a user mput.

In operation 505, the processor may adjust a resolution of
the application, based on a resolution adjustment cost of the
application. For example, when the degradation of the
performance of the application i1s detected, the processor
may adjust the resolution of the application to make frames
of the application more than or equal to the target frames, by
considering a penalty (for example, degradation of user
experience caused by reduction of the resolution) cost
caused by the reduction of the resolution, and a gain cost ({or
example, a current, heating, or battery consumption) caused
by the reduction of the resolution. For example, when a sum
of the penalty cost caused by the reduction of the resolution
and the gain cost caused by the reduction of the resolution
1s less than or equal to a first reference value, the processor
may maintain frames 603 of the application to be more than
or equal to the target frames as shown 1n FI1G. 6, by adjusting
the resolution of the application (for example, adjusting to a
low resolution). According to an embodiment, when the sum
of the penalty cost caused by the reduction of the resolution
and the gain cost caused by the reduction of the resolution
exceeds the first reference value, the processor may maintain
the frames 603 of the application more than or equal to the
target frames as shown in FIG. 6, by adjusting (for example,
increasing) a clock of the processor.

According to various embodiments, when the frames of
the application fall below the target frames, the electronic
device may maintain the frames of the application to be
more than or equal to the target frames, by adjusting the
resolution of the application or adjusting the clock of the
processor by considering the penalty cost caused by the
reduction of the resolution and the gain cost (for example, a
current, heating, or battery consumption) caused by the
reduction of the resolution. Accordingly, the user of the
clectronic device can use the application more comiortably.

FIG. 7 1s a flowchart illustrating an example method of
adjusting a resolution of an application 1 an electronic
device according to various embodiments. The following
description may describe detailed operations of operation
505 of adjusting the resolution of the application 1n FIG. 5.

Retferring to FIG. 7, 1n operation 701, a processor (for
example, the processor 120 of FIG. 1 or the processor 210
of FIG. 2) of the electronic device (for example, the elec-
tronic device 101 of FIG. 1 or the electronic device 200 of
FIG. 2) may 1dentily training data including the same clock
information as a current clock of the processor from a
memory (for example, the memory 130 of FIG. 1 or the
memory 220 of FIG. 2), in response to degradation of
performance ol the application being detected while the
application 1s executed.

In operation 703, the processor may determine whether
training data corresponding to target frames exists in the
training data corresponding to the current clock of the
processor. For example, the processor may determine
whether there exists training data including the same frame
information as the target frames in the training data corre-
sponding the current clock of the processor. When the
training data including the same frame information as the
target frames exists, the processor may perform operation
705, and, when the training data including the same frame
information as the target frames does not exist, the processor
may perform operation 707.

When the training data corresponding to the target frames
exists, the processor may determine a resolution adjustment
cost of the application, based on the training data corre-
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sponding to the target frames, 1n operation 705. The pro-
cessor may determine a penalty cost caused by reduction of
the resolution, by 1dentifying a difference (or ratio) between
a resolution of the application when the training data cor-
responding to the target frames 1s applied based on resolu-
tion mformation identified from the tramning data corre-
sponding to the target frames, and a current resolution of the
application. The processor may determine a gain cost (a
current/heating/battery gain caused by reduction of the
clock) caused by reduction of the resolution, by 1dentifying
a diflerence (or a ratio) between a clock of the processor
when the training data corresponding to the target frames 1s
applied based on clock information of the processor 1denti-
fied from the training data corresponding to the target
frames, and a current clock of the processor. The processor
may determine the resolution adjustment cost of the appli-
cation by adding up the penalty cost caused by the reduction
of the resolution and the gain cost caused by the reduction
ol the resolution.

When the training data corresponding to the target frames
does not exist, the processor may determine a resolution
adjustment cost of the application based on training data
approximating the target frames in operation 707. The
processor may determine a penalty cost caused by the
reduction of the resolution, by identifying a difference (or a
ratio) between a resolution of the application when the
training data approximating to the target frame 1s applied
based on resolution mnformation identified from the training
data approximating to the target frames, and a current
resolution of the application. The processor may determine
a gain cost (a current/heating/battery gain caused by reduc-
tion of the clock) caused by the reduction of the resolution,
by 1dentitying a difference (or a ratio) between a clock of the
processor when the training data approximating to the target
frame 1s applied based on clock information of the processor
identified from the traiming data approximating to the target
frames, and a current clock of the processor. The processor
may determine the resolution adjustment cost of the appli-
cation by adding up the penalty cost caused by the reduction
of the resolution and the gain cost caused by the reduction
of the resolution. According to an embodiment, when there
are a plurality of training data closest approximating to the
target frames, the processor may determine the resolution
adjustment cost of the application based on training data
which 1s more than or equal to the target frames.

In operation 709, the processor may determine whether
the resolution adjustment cost of the application exceeds
(e.g., 15 greater than) a first reference value. According to an
embodiment, the first reference value may be set to a
different value according to each application, or may be set
to the same value regardless of applications. According to an
embodiment, the first reference value may be set and
changed by a user mput or information received from a
server (for example, the server 104 of FIG. 1). When the
resolution adjustment cost of the application exceeds the
first reference value, the processor may perform operation
711, and, when the resolution adjustment cost of the appli-
cation 1s less than or equal to the first reference value, the
processor may perform operation 713.

When the resolution adjustment cost of the application
exceeds the first reference value, the processor may adjust
the clock of the processor in operation 711. For example, the
processor may increase the clock of the processor to main-
tain the frames of the application more than or equal to the
target frames.

When the resolution adjustment cost 1s less than or equal
to the first reference value, the processor may adjust the
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resolution of the application based on the training data
approximating to the target frames or the tramning data
corresponding to the target frames 1 operation 713. For
example, the processor may adjust (for example, increase or
reduce) a resolution of the training data based on a difference
between frames of the traiming data approximating to the
target frames and the target frames, and may adjust the
resolution of the application based on the training data the
resolution of which 1s adjusted. In another example, the
processor may adjust the resolution of the application based
on resolution information of traiming data including frame
information corresponding to (the same as) the target
frames.

According to various embodiments, the processor can
provide performance of the application optimized in the
clectronic device to the user, by adjusting the resolution of
the application using the traiming data trained based on
hardware of the electronic device.

FIG. 8 1s a flowchart illustrating an example method of
adjusting a resolution of an application, based on training
data approximating to target frames, 1n an electronic device
according to various embodiments. The following descrip-
tion may describe detailed operations of operation 707 of
adjusting the resolution of the application 1n FIG. 7.

Retferring to FIG. 8, in operation 801, a processor (for
example, the processor 120 of FIG. 1 or the processor 210
of FIG. 2) of the electronic device (for example, the elec-
tronic device 101 of FIG. 1 or the electronic device 200 of
FIG. 2) may determine whether frames of training data
exceed (e.g., are greater than) target frames based on frame
information of training data approximating to the target
frames. When the frames of the training data approximating
to the target frames exceed the target frames, the processor
may perform operations 803 and 805, and, when the frames
of the tramning data do not exceed the target frames, the
processor may perform operations 807 and 809.

When the frames of the training data approximating to the
target frames exceed the target frames, the processor may
increase a resolution of the tramning data by a designated
ratio 1 operation 803. For example, the processor may
increase a resolution value by 5% to make the frames of the
training data correspond to the target frames. When the
frames of the traiming data the resolution value of which
increases are more than the target frames by a predetermined
value or more, the processor may repeat the operation of
increasing the resolution value of the training data to make
a diflerence between the increased frames of the training
data and the target frames smaller than the predetermined
value. According to an embodiment, the designated ratio
may be changed (or set) to various values by a user input.
According to an embodiment, when 1t 1s 1mpossible to
increase the resolution of the tramning data (for example,
when the resolution of the training data 1s a maximum
resolution supported in the application, or a maximum
resolution supported 1n the electronic device), the processor
may not change the resolution of the training data approxi-
mating to the target frames and may maintain the resolution.

In operation 805, the processor may adjust the resolution
of the application, based on the training data the resolution
of which 1s increased. For example, the processor may
change the resolution of the application to be the same as the
resolution of the training data the resolution of which 1s
increased. In this case, the resolution of the application is
changed according to the training data the resolution of
which 1s increased, such that the frames of the application
are adjusted to match or approximate to the target frames.
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When the frames of the training data do not exceed the
target frames, the processor may reduce the resolution of the
training data by a designated ratio in operation 807. For
example, the processor may reduce a resolution value of the
training data by 5%. The designated ratio may be changed
(or set) to various values by a user input. When the frames
of the training data the resolution value of which 1s reduced
are smaller than the target frames by a predetermined value
or more, the processor may repeat the operation of increas-
ing the resolution value of the tramning data to make a
difference between the increased frames of the training data
and the target frames smaller than a predetermined value.
According to an embodiment, when 1t 1s 1mpossible to
reduce the resolution of the training data (for example, when
the resolution of the training data 1s a minimum resolution
supported by the application, or the resolution of the appli-
cation corresponds to a reference resolution (for example, a
mimmum resolution set by the user)), the processor may
maintain the frames of the application more than or equal to
the target frames by increasing the clock of the processor.

In operation 809, the processor may adjust the resolution
of the application based on the training data the resolution of
which 1s reduced. For example, the processor may change
the resolution of the application to be the same as the
resolution of the traiming data the resolution of which 1s
reduced. In this case, the resolution of the application 1s
changed according to the training data the resolution of
which 1s reduced, such that the frames of the application are
adjusted to match or to approximate to the target frames.

According to various embodiments, the processor may
store pattern information regarding a pattern 1n which the
training data 1s changed (for example, information regarding,
at least one of pattern information (or sequence information)
of a pattern (or sequence) 1n which the resolution of the
training data 1s increased, pattern information regarding a
clock change of the processor, and target frame 1nforma-
tion), and may adjust (for example, increase or reduce) the
resolution of the traiming data based on the stored pattern
information. For example, 1n a state where training data
shown 1n table 1 presented below 1s stored, when the
resolution of the training data 1s adjusted in order of index
S—1ndex 6—1ndex 7, and then, the number of times the
resolution of the training data 1s adjusted by index 8 1s
greater than or equal to a designated number of times, the
processor may determine that there 1s a high possibility that
index 8 1s determined after index 5—1ndex 6—index 7, and
may store pattern information such as pattern information
regarding a pattern in which the resolution of the training
data 1s increased, pattern information regarding a clock
change of the processor, and target frame information 1n the

memory. Thereaiter, when the resolution of the training data
1s adjusted 1n order of index 5—1index 6—=index 7, index 8
may be determined as a final resolution of the training data,
based on the pattern information stored in the memory.
According to an embodiment, the processor may adjust the
resolution of the application based on the determined reso-
lution of the training data, and then, when the number of
times the frames of the application are different from the
target frames by a predetermined value or more 1s greater
than or equal to a designated number of times, the processor
may additionally adjust the resolution of the training data
not to make the frames of the application different from the
target frames by the predetermined value or more, and then,
may change the pattern information based on the resolution
of the traiming data additionally adjusted.
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TABLE 1
Index  Resolution FPS  Processor Clock (CPU level/GPU level)
1 100% CPUO, GPU1
2 100% 48 CPUO, GPU1
3 100% 40 CPUO, GPUO
4 100% 38 CPUO, GPUO
5 100% 35 CPUO, GPUO
6 95% 43 CPUO, GPUO
7 90% 47 CPUO, GPUO
8 85%0 50 CPUO, GPUO

FIG. 9 1s a flowchart 1llustrating another example method
of adjusting a resolution of an application in an electronic
device according to various embodiments. FIG. 10 1s a graph
illustrating another example of a frame change of an appli-
cation 1n an electronic device according to various embodi-
ments.

Referring to FIGS. 9 and 10, in operation 901, a processor
(for example, the processor 120 of FIG. 1 or the processor
210 of FIG. 2) of the electronic device (for example, the
clectronic device 101 of FIG. 1 or the electronic device 200
of FIG. 2) may execute an application. For example, the

processor may control a display (for example, the display
device 160 of FIG. 1 or the display 250 of FIG. 2) to display

an execution screen of the application, based on a user input
for executing the application. The application may include
an application providing an image, such as a game applica-
tion or a movie application.

In operation 903, the processor may 1dentify that frames
of the application increase by a designated range or higher
while the application 1s executed. For example, the proces-
sor may monitor frames of the applications while the appli-
cation 1s executed and may 1dentily a frame change of the
application, and may 1dentify that the frames 1003 of the
application increase from previous {frames by a designated
range 1001 or more as shown in FIG. 10. According to an
embodiment, the designated range may be set to a different
value according to an application. According to an embodi-
ment, the designated range may be changed to another value
based on a user input.

In operation 905, the processor may adjust a resolution of
the application based on a resolution adjustment cost. For
example, when the processor 1dentifies that the frames 1003
of the application increase from the previous frames 1005 by
the designated range 1001 or higher as shown in FIG. 10, the
processor may identily an advantage cost (for example, an
increase ol user experience caused by an increase of the
resolution) caused by the increase of the resolution, and a
loss cost (for example, a current, heating, or battery con-
sumption) caused by the increase of the resolution, and,
when a sum of the advantage cost and the loss cost 1s less
than a second threshold, the processor may maintain frames
1005 of the application within the designated range from the
previous frames by adjusting the resolution of the applica-
tion (for example, adjusting the resolution to a high resolu-
tion). According to an embodiment, when the sum of the
advantage cost and the loss cost exceeds the second thresh-
old, the processor may maintain the frames 1005 of the
application within the designated range from the previous
frames as shown in FIG. 10, by adjusting (for example,
reducing) a clock of the processor.

According to various embodiments, the electronic device
may maintain the frames of the application within a prede-
termined range by adjusting the resolution of the application
and the clock of the processor, in order to prevent and/or
reduce user experience ol the application from being




US 11,024,266 B2

17

degraded due to the great increase of the frames of the
application. Accordingly, the user experience of the appli-
cation can be enhanced.

FIG. 11 1s a flowchart illustrating another example
method of adjusting a resolution of an application 1 an
clectronic device according to various embodiments. The
tollowing description may describe detailed operations of
operation 905 of adjusting the resolution of the application
in FIG. 9.

Referring to FIG. 11, in operation 1101, a processor (for
example, the processor 120 of FIG. 1 or the processor 210
of FIG. 2) of the electronic device (for example, the elec-
tronic device 101 of FIG. 1 or the electronic device 200 of
FIG. 2) may identily training data including clock informa-
tion corresponding to a current clock of the processor from
a memory (for example, the memory 130 of FIG. 1 or the
memory 220 of FIG. 2), 1n response to 1t being identified that
frames of the application increase by a designated range or
higher while the application 1s executed.

In operation 1103, the processor may determine whether
training data corresponding to previous frames of the appli-
cation from the training data corresponding to the current
clock of the processor exists. For example, the processor
may determine whether tramning data including the same
frame information as the previous frames of the application
in the training data corresponding to the current clock of the
processor exists. When training data including the same
frame information as the previous frames of the application
exists, the processor may perform operation 1105, and, when
the training data including the same frame information as the
previous frames of the application does not exist, the pro-
cessor may perform operation 1107,

When the tramning data corresponding to the previous
frames of the application exists, the processor may deter-
mine a resolution adjustment cost of the application based
on the training data corresponding to the previous frames of
the application in operation 1105. The processor may deter-
mine an advantage cost caused by the increase of the
resolution, by 1dentitying a difference (or a ratio) between a
resolution of the application when the training data corre-
sponding the previous frames of the application 1s applied
based on resolution mnformation identified from the training
data corresponding to the previous frames of the application,
and a current resolution of the application. The processor
may determine a loss cost caused by the increase of the
resolution, by 1dentitying a difference (or a ratio) between a
clock of the processor when the training data corresponding
to the previous frames of the application 1s applied based on
clock mformation of the processor identified from the train-
ing data corresponding to the previous frames of the appli-
cation, and a current clock of the processor. The processor
may determine the resolution adjustment cost of the appli-
cation by adding up the advantage cost caused by the
increase of the resolution and the loss cost caused by the
increase ol the resolution.

When the training data corresponding to the previous
frames of the application does not exist, the processor may
determine the resolution adjustment cost of the application,
based on training data approximating the previous frames of
the application in operation 1107. The processor may deter-
mine an advantage cost caused by the increase of the
resolution, by 1dentitying a difference (or a ratio) between a
resolution of the application when training data approximat-
ing to the previous frames of the application 1s applied based
on resolution information identified from the training data
approximating to the previous frames of the application, and
a current resolution of the application. The processor may
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determine a loss cost caused by the increase of the resolu-
tion, by identifying a diflerence (or a ratio) between a clock
of the processor when the training data approximating to the
previous frames of the application 1s applied based on the
clock information of the processor identified from the train-
ing data approximating to the previous frames of the appli-
cation, and a current clock of the processor. The processor
may determine the resolution adjustment cost of the appli-
cation by adding up the advantage cost caused by the
increase of the resolution and the loss cost caused by the
increase of the resolution.

In operation 1109, the processor may determine whether
the resolution adjustment cost of the application exceeds a
second reference value. According to an embodiment, the
second reference value may be set to a different value
according to an application or may be set to the same value
regardless of applications. According to an embodiment, the
second reference value may be set or changed by a user input
or information received from a server (for example, the
server 104 of FIG. 1). When the resolution adjustment cost
of the application exceeds the second reference value, the
processor may perform operation 1111, and, when the reso-
lution adjustment cost of the application 1s less than or equal
to the second reference value, the processor may perform
operation 1113.

When the resolution adjustment cost of the application
exceeds the second reference value, the processor may
adjust the resolution of the application, based on the training
data corresponding to the previous frames of the application
or the training data approximating to the previous frames of
the application 1n operation 1111. For example, the processor
may adjust (for example, increase) the resolution of the
application based on resolution information of the training
data including frame information which corresponds to (is
the same as) the previous frames of the application. In
another example, the processor may adjust a resolution of
the training data based on a difference between frames of the
training data approximating to the previous frames of the
application, and the previous frames of the application, and
may adjust the resolution of the application based on the
training data the resolution of which 1s adjusted. According
to an embodiment, when the frames of the training data
exceed the previous frames of the application, the processor
may 1increase the resolution of the training data by a desig-
nated ratio 1n order to match the frames of the training data
with the previous frames of the application. According to an
embodiment, when the frames of the training data are less
than the previous frames of the application, the processor
may reduce the resolution of the training data by a desig-
nated ratio 1n order to match the frames of the training data
with the previous frames of the application. According to an
embodiment, the processor may repeat the operation of
changing the resolution of the training data to make the
difference between the frames of the training data and the
previous frames ol the application smaller than a predeter-
mined value.

When the resolution adjustment cost of the application 1s
less than or equal to the second reference value, the proces-
sor may adjust the clock of the processor 1n operation 1113.

A method for controlling a display in an electronic device
(for example, the electronic device 101 of FIG. 1 or the
clectronic device 200 of FIG. 2) according to various
example embodiments may include: executing an applica-
tion; detecting performance degradation of the application;
and adjusting a resolution of the application based on a




US 11,024,266 B2

19

resolution adjustment cost of the application 1n response to
the performance degradation of the application being
detected.

According to various example embodiments, detecting
the performance degradation of the application may include:
monitoring frames (FPS) of the application while the appli-
cation 1s executed; and detecting the performance degrada-
tion of the application based on a change 1n the frames of the
application.

According to various example embodiments, detecting
the performance degradation of the application may include:
obtaining temperature information through a temperature
sensor for measuring a temperature of at least a part of the
clectronic device while the application 1s executed; and
detecting the performance degradation of the application
based on the temperature information.

According to various example embodiments, adjusting
the resolution of the application may include: identifying
training data corresponding to a current clock of the pro-
cessor; based on training data corresponding to target frames
existing 1n the i1dentified traiming data, determining the
resolution adjustment cost of the application based on the
training data corresponding to the target frames; and, based
on the resolution adjustment cost of the application being
less than or equal to a first reference value, adjusting the
resolution of the application based on the training data
corresponding to the target frames.

According to various example embodiments, adjusting
the resolution of the application may include: based on the
training data corresponding to the target frames not existing,
in the identified traiming data, determining the resolution
adjustment cost of the application based on training data
approximating the target frames; and, based on the resolu-
tion adjustment cost of the application being less than or
equal to the first reference value, adjusting the resolution of
the application based on the training data approximating the
target frames.

According to various example embodiments, determining
the resolution adjustment cost of the application may
include: determining a penalty cost caused by reduction of
the resolution based on a difference between a resolution of
the training data and a current resolution of the application;
determining a gain cost caused by the reduction of the
resolution based on a diflerence between clock information
of the processor of the traiming data and the current clock of
the processor; and determining the resolution adjustment
cost by adding up the penalty cost and the gain cost.

According to various example embodiments, the method
for controlling the display in the electromic device may
turther include adjusting a clock of the processor to maintain
the frames of the application to be greater than or equal to
the target frames based on the resolution adjustment cost of
the application exceeding the first reference value.

According to various example embodiments, the method
for controlling the display in the electronic device may
turther include, based on i1dentifying that the frames of the
application increase from previous frames by a designated
range or higher while the application 1s executed, Eld]UStlIlg
the resolution of the application to make a difference
between the frames of the application and the previous
frames be within the designated range.

According to various example embodiments, EldjllStlIlg
the resolution of the application to make the difference
between the frames of the application and the previous
frames be within the designated range may include: based on
training data corresponding to the previous frames existing,
in the identified traiming data, determining the resolution
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adjustment cost of the application based on the training data
corresponding to the previous frames; and, based on the
resolution adjustment cost of the application exceeding a
second reference value, adjusting the resolution of the
application based on the training data corresponding to the
target frames.

According to various example embodiments, the method
for controlling the display in the electronic device may
turther include, based on the resolution adjustment cost of
the application being less than or equal to the second
reference value, adjusting a clock of the processor to make
a difference between the frames of the application and the
previous frames be within the designated range.

The electronic device and the method according to vari-
ous embodiments can maintain frames of an application
within an appropriate range by adaptively changing a clock
of the processor and/or a resolution of the application when
the number of frames of the application 1s changed.

The electronic device and the method according to vari-
ous embodiments can enhance user experience ol an appli-
cation by maintaining frames of the application within an
appropriate range.

The electronic device according to various embodiments
may be one of various types of electronic devices. The
clectronic devices may include, for example, a portable
communication device (e.g., a smartphone), a computer
device, a portable multimedia devwe a portable medical
device, a camera, a wearable device, a home appliance, or
the like. According to an embodiment of the disclosure, the
clectronic devices are not limited to those described above.

It should be appreciated that various example embodi-
ments of the present disclosure and the terms used therein
are not mtended to limit the technological features set forth
herein to particular embodiments and include various
changes, equivalents, or replacements for a corresponding
embodiment. With regard to the description of the drawings,
similar reference numerals may be used to refer to similar or
related elements. It 1s to be understood that a singular form
ol a noun corresponding to an 1tem may include one or more
of the things, unless the relevant context clearly indicates
otherwise. As used herein, each of such phrases as “A or B,”
“at least one of A and B,” ““at least one of A or B,” “A, B,
or C,” “at least one of A, B, and C.” and “at least one of A,
B, or C,” may include any one of, or all possible combina-
tions of the items enumerated together in a corresponding
one of the phrases. As used herein, such terms as “1st” and
“2nd,” or “first” and “second” may be used to simply
distinguish a corresponding component from another, and
does not limit the components 1n other aspect (e.g., impor-
tance or order). It 1s to be understood that 11 an element (e.g.,
a first element) 1s referred to, with or without the term
“operatively” or “communicatively”, as “coupled with,”
“coupled to,” “connected with,” or “connected to” another
clement (e.g., a second element), the element may be
coupled with the other element directly (e.g., wiredly),
wirelessly, or via a third element.

As used herein, the term “module” may include a unit
implemented 1n hardware, software, or firmware, or any
combination thereof, and may interchangeably be used with
other terms, for example, “logic,” “logic block,” “part,” or
“circuitry”. A module may be a single integral component,
or a mimmmum unit or part thereof, adapted to perform one
or more functions. For example, according to an embodi-
ment, the module may be implemented 1n a form of an
application-specific mtegrated circuit (ASIC).

Various embodiments as set forth herein may be 1mple-
mented as software (e.g., the program 140) including one or
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more 1nstructions that are stored in a storage medium (e.g.,
internal memory 136 or external memory 138) that is
readable by a machine (e.g., the electronic device 101). For
example, a processor (e.g., the processor 120) of the
machine (e.g., the electronic device 101) may invoke at least
one of the one or more instructions stored in the storage
medium, and execute 1t, with or without using one or more
other components under the control of the processor. This
allows the machine to be operated to perform at least one
function according to the at least one instruction invoked.
The one or more 1nstructions may include a code generated
by a complier or a code executable by an interpreter. The
machine-readable storage medium may be provided in the
form of a non-transitory storage medium. Wherein, the
“non-transitory” storage medium 1s a tangible device, and
may not include a signal (e.g., an electromagnetic wave), but
this term does not differentiate between where data 1s
semi-permanently stored in the storage medium and where
the data 1s temporarily stored in the storage medium.

According to an embodiment, a method according to
various embodiments of the disclosure may be included and
provided in a computer program product. The computer
program product may be traded as a product between a seller
and a buyer. The computer program product may be distrib-
uted 1 the form of a machine-readable storage medium
(e.g., compact disc read only memory (CD-ROM)), or be
distributed (e.g., downloaded or uploaded) online via an
application store (e.g., PlayStore™), or between two user
devices (e.g., smart phones) directly. I distributed online, at
least part of the computer program product may be tempo-
rarily generated or at least temporarnly stored i the
machine-readable storage medium, such as memory of the
manufacturer’s server, a server of the application store, or a
relay server.

According to various embodiments, each component
(e.g., a module or a program) of the above-described com-
ponents may include a single entity or multiple entities.
According to various embodiments, one or more of the
above-described components may be omitted, or one or
more other components may be added. Alternatively or
additionally, a plurality of components (e.g., modules or
programs) may be integrated into a single component. In
such a case, according to various embodiments, the inte-
grated component may still perform one or more functions
of each of the plurality of components 1n the same or similar
manner as they are performed by a corresponding one of the
plurality of components before the integration. According to
various embodiments, operations performed by the module,
the program, or another component may be carried out
sequentially, 1n parallel, repeatedly, or heuristically, or one
or more of the operations may be executed in a different
order or omitted, or one or more other operations may be
added.

While the disclosure has been illustrated and described
with reference to various example embodiments, it will be
understood that the various example embodiments are
intended to be illustrative, not limiting. One of ordinary skill
in the art will understand that various changes 1n form and
detall may be made without departing from the spirit and
scope of the disclosure, including the appended claims and
their equivalents.

What 1s claimed 1s:

1. An electronic device comprising:

a display;

a processor operatively connected with the display; and
a memory operatively connected with the processor,
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wherein the memory 1s configured to store instructions

that, when executed, cause the processor to:
execute an application,
detect performance degradation of the application,
determine a penalty cost caused by reduction of resolution
based on a diflerence between a resolution of training
data and a current resolution of the application,

determine a gain cost caused by the reduction of the
resolution based on a difference between clock nfor-
mation ol the processor of the training data and a
current clock of the processor,

determine a resolution adjustment cost by adding the

penalty cost and the gain cost, and

adjust the resolution of the application based on the

resolution adjustment cost of the application,

wherein the training data 1s 1identified based on the current

clock of the processor and target frames.

2. The electronic device of claim 1, wherein the instruc-
tions, when executed, cause the processor to monitor frames
per second (FPS) of the application while the application 1s
executed, and to detect the performance degradation of the
application based on a change 1n the FPS of the application.

3. The electronic device of claim 1, further comprising a
temperature sensor configured to measure a temperature of
at least a part of the electronic device,

wherein the instructions, when executed, cause the pro-

cessor to obtain temperature information through the
temperature sensor while the application 1s executed,
and to detect the performance degradation of the appli-
cation based on the temperature mmformation.

4. The electronic device of claim 1, wherein the instruc-
tions, when executed, cause the processor to:

identily the tramning data corresponding to the current

clock of the processor;

based on the tramning data corresponding to the target

frames existing in the identified training data, deter-
mine the resolution adjustment cost of the application
based on the traiming data corresponding to the target
frames; and

based on the resolution adjustment cost of the application

being less than or equal to a first reference value, adjust
the resolution of the application based on the training
data corresponding to the target frames.

5. The electronic device of claim 4, wherein the instruc-
tions, when executed, cause the processor to:

based on the tramning data corresponding to the target

frames not existing in the identified training data,
determine the resolution adjustment cost of the appli-
cation based on training data approximating the target
frames; and

based on the resolution adjustment cost of the application

being less than or equal to the first reference value,
adjust the resolution of the application based on the
training data approximating the target frames.

6. The electronic device of claim 5, wherein the instruc-
tions, when executed, cause the processor to adjust a clock
of the processor to maintain the frames of the application to
be greater than or equal to the target frames based on the
resolution adjustment cost of the application exceeding the
first reference value.

7. The electronic device of claim 1, wherein the instruc-
tions, when executed, cause the processor to, based on
identifying that the frames of the application increase from
previous frames by a designated range or higher while the
application 1s executed, adjust the resolution of the appli-
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cation to make a diflerence between the frames of the
application and the previous frames be within the designated
range.

8. The electronic device of claim 7, wherein the 1nstruc-
tions, when executed, cause the processor to:

based on the traiming data corresponding to the previous

frames existing in the identified training data, deter-
mine the resolution adjustment cost of the application
based on the training data corresponding to the previ-
ous frames; and

based on the resolution adjustment cost of the application

exceeding a second reference value, adjust the resolu-
tion of the application based on the traiming data
corresponding to the target frames.

9. The electronic device of claim 8, wherein the instruc-
tions, when executed, cause the processor to, based on the
resolution adjustment cost of the application being less than
or equal to the second reference value, adjust a clock of the
processor to make a difference between the frames of the
application and the previous frames be within the designated
range.

10. The electronic device of claim 1,

wherein the penalty cost 1s determined based on reduction

ratio of the resolution, and

wherein the gain cost 1s determined based on reduction

ratio ol at least one of a current, heating, or battery
consumption caused by reduction of the clock of the
ProCessor.
11. A method for controlling a display 1n an electronic
device, the method comprising:
executing an application;
detecting performance degradation of the application;
determining a penalty cost caused by reduction of reso-
lution based on a difference between a resolution of
training data and a current resolution of the application;

determining a gain cost caused by the reduction of the
resolution based on a different between clock informa-
tion ol a processor of the training data and a current
clock of the processor;

determining a resolution adjustment cost by adding the

penalty cost and the gain cost; and

adjusting the resolution of the application based on the

resolution adjustment cost of the application,

wherein the training data 1s 1dentified based on the current

clock of the processor and target frames.

12. The method of claim 11, wherein detecting the per-
formance degradation of the application comprises:

monitoring frames per second (FPS) of the application

while the application 1s executed; and

detecting the performance degradation of the application

based on a change 1n the FPS of the application.

13. The method of claim 11, wherein detecting the per-
formance degradation of the application comprises:

obtaining temperature mformation through a temperature

sensor configured to measure a temperature of at least
a part of the electronic device while the application 1s
executed; and

detecting the performance degradation of the application

based on the temperature information.

14. The method of claim 11, wherein adjusting the reso-
lution of the application comprises:
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identitying the training data corresponding to the current

clock of the processor;

based on the training data corresponding to the target

frames existing in the identified training data, deter-
mining the resolution adjustment cost of the application
based on the training data corresponding to the target
frames; and

based on the resolution adjustment cost of the application

being less than or equal to a first reference value,
adjusting the resolution of the application based on the
training data corresponding to the target frames.

15. The method of claim 14, wherein adjusting the reso-
lution of the application comprises:

based on the tramning data corresponding to the target

frames not existing in the identified training data,
determining the resolution adjustment cost of the appli-
cation based on training data approximating the target
frames; and

based on the resolution adjustment cost of the application

being less than or equal to the first reference value,
adjusting the resolution of the application based on the
training data approximating the target frames.

16. The method of claim 15, further comprising adjusting
a clock of the processor to maintain the frames of the
application to be greater than or equal to the target frames
based on the resolution adjustment cost of the application
exceeding the first reference value.

17. The method of claim 11, further comprising, based on
identifying that the frames of the application increase from
previous Irames by a designated range or higher while the
application 1s executed, adjusting the resolution of the
application to make a diflerence between the frames of the
application and the previous frames be within the designated
range.

18. The method of claim 17, wherein adjusting the reso-
lution of the application to make the difference between the
frames of the application and the previous frames be within
the designated range comprises:

based on the training data corresponding to the previous

frames existing in the identified training data, deter-
mining the resolution adjustment cost of the application
based on the training data corresponding to the previ-
ous frames; and

based on the resolution adjustment cost of the application

exceeding a second reference value, adjusting the reso-
lution of the application based on the training data
corresponding to the target frames.

19. The method of claim 18, further comprising, based on
the resolution adjustment cost of the application being less
than or equal to the second reference value, adjusting a clock
ol the processor to make a difference between the frames of
the application and the previous frames be within the
designated range.

20. The method of claim 11,

wherein the penalty cost 1s determined based on reduction

ratio of the resolution, and

wherein the gain cost 1s determined based on reduction

ratio ol at least one of a current, heating, or battery
consumption caused by reduction of the clock of the
ProCessor.
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